The plasmalogen content of phospholipids isolated from Megasphaera elsdenii ATCC 17752 decreased markedly in cultures passed serially at intervals of 3 to 6 weeks. From the wild-type ratio of vinyl ether to lipid phosphorus of 0.8, clones were isolated with ratios less than 0.05. Clonal analysis, as well as the reproducibility of the phenomenon and the long time course, suggest that the loss of plasmalogens is an adaptive process. Although small variations in cell morphology and ratios of end products of fermentation were detected, plasmalogen-rich and -deficient cells were virtually indistinguishable with respect to growth rates, range of fermentable carbohydrates, activities of selected enzymes, and electrophoretic patterns in both membrane and soluble proteins. Large decreases in saturated fatty acid production accompanied the decline of plasmalogens.
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Megasphaera elsdenii is a large, obligately anaerobic, gram-negative coccus that is a common inhabitant of the rumen (5) and, less frequently, the digestive tract of other organisms (7, 27) . M. elsdenii resembles a number of other strict anaerobes in that a large portion of its phospholipids are plasmalogens, 1-O-alkenyl-2-acyl glycerolipids (17, 30) . It has a relatively simple lipid composition predominantly consisting of phosphatidylethanolamine, 87% of which is plasmalogen, and phosphatidylserine, 72% of which is plasmalogen (29) . We report here that we have obtained cultures derived from M. elsdenii ATCC 17752 in which plasmalogens are below detectable levels. Since the contribution of vinyl-ether-containing phospholipids to membrane function is not well understood (23, 26) , we have sought to characterize further the disappearance of plasmalogens in this organism. We anticipate that the capacity to obtain membranes containing variable quantities of plasmalogens will prove useful in future attempts to define the fundamental biological role(s) of these molecules.
MATERIALS AND METHODS M. elsdenii ATCC 17752 was grown routinely at 37°C in tubes or volumetric flasks in which the headspace was depleted of oxygen by cotton plugs moistened with alkaline pyrogallol (11) . Alternatively, cultures were grown in GasPak anaerobic jars (BBL Microbiology Systems, Cockeysville, Md.). All cultures were grown in freshly autoclaved growth media cooled under a stream of prepurified nitrogen. Between passes, stock cultures were stored at room temperature (13, 15 (18) and analyzed by two-dimensional thin-layer chromatography as described previously (17) . The isolation and analysis of total phospholipid acyl chains and alkenyl chains were carried out as described previously (17) . Lipid phosphorus was determined by the method of Bartlett (1) . Vinyl ether content was assayed by the method of Gottfried and Rapport (9) .
For clonal analysis, a reference culture (250 ml of RCM) and streak plates (RCM solidified with 1.5% agar) were inoculated simultaneously and maintained in an anaerobic glove box (Forma Scientific, Marietta, Ohio) containing an atmosphere of C02-H2-N2 (9.7%:9.4%:80.9%). After 18 h at 37°C, the reference culture was harvested and lipids were analyzed. Individual colonies appearing on the streak plates after 48 h were used to inoculate tubes of RCM (10 ml) which, after 24 h of incubation, served as the inocula for 250-ml cultures used for lipid analysis.
To analyze volatile fatty acids produced during growth, samples of the culture were removed and frozen immediately (-20°C) in acid-washed, Teflon-lined screw-cap tubes. Samples containing heptanoic acid (0.05%) as an internal standard were acidified with 50% H2SO4, extracted with diethyl ether, and dried with anhydrous CaCl2 (14) . Acids were analyzed with a Perkin-Elmer model 990 gas chromatograph equipped with a hydrogen flame ionization detector and a 6-ft (ca. 183-cm) column of 10% SP-1200 on 1% H3P04 on 80/100 Chromosorb WAW (Supelco, Bellefonte, Pa.). Lactate was analyzed as previously described (2) .
For two-dimensional electrophoresis of proteins, cells were broken by sonication in cold buffer containing Tris hydrochloride (50 mM, pH 8.0), RNase, DNase, and phenylmethylsulfonyl fluoride (0.5 mM). Soluble and membrane (pellets formed at 100,000 x g) fractions were subjected to isoelectric focusing in 30% acrylamide gels (11 cm) followed by electrophoresis in a second dimension in 17 .5% acrylamide slab gels (1.5 mm) containing 10% sodium dodecyl sulfate (22) . Protein was assayed by the method of Lowry et al. (20) with bovine serum albumin as a standard.
RESULTS
Loss of plasmalogens. When M. elsdenii ATCC 17752 was subcultured serially at a frequency of 3 to 6 weeks, plasmalogen-containing phospholipids were seen to decline markedly. Phospholipids extracted from cultures freshly obtained from the American Type Culture Collection routinely exhibited vinyl ether/phosphorus (vinyl ether/P) molar ratios of about 0.8; after 7 passages in lactate medium, this value fell below 0.02 (Fig. 1) . Similar declines in vinyl ether content were observed when cells were grown in other complex or semidefined culture media, e.g., RCM or the medium of Van Golde et al. (29) .
Initially, we hypothesized that the loss of vinyl ethers was attributable to a nutritional deficiency in the culture media prepared in our laboratory. However, the vinyl ether content in either plasmalogen-rich or -deficient cells did not change when lactate medium was supplemented with a number of compounds reported to be growth requirements of M. elsdenii or other rumen bacteria. Compounds which were tested included soluble starch (24) ( Fig. 2) . Since under the regimen of prolonged subculture, virtually total cessation of plasmalogen synthesis was observed in about half as many passes (Fig. 1) , we suspect that the disappearance is related, at least in part, to exposure of the cells to factors within the spent culture itself. The identity of such factors is not known at present. Preliminary attempts to alter conditions such as culture pH, headspace gas composition, and Eh did not lead to modification of vinyl ether levels in either plasmalogen-rich or -deficient cells (A. Kaufman, Ph.D. thesis, University of Pennsylvania, Philadelphia, 1986).
Clonal analysis. In no case did we observe an increase in plasmalogen-containing phospholipids once they began to decline or had disappeared entirely. This led us to consider whether prolonging the interval between subcultures served to select cells whose capacity to synthesize plasmalogens had become completely inactivated or repressed. In such situations, cultures containing two distinguishable populations, e.g., plasmalogen producing and nonproducing, are predicted (25) . However, analyses of individual clones derived from plasmalogen-poor cultures (Table 1) demonstrated normal distributions about their corresponding means when subjected to a t test (P < 0.01). This homogeneity argues against a hypothesis that the decline of these lipids is the consequence of either a dominant mutation (or other genetic modification) or the total repression of synthe- did, both cell types grew to similar densities at equivalent rates. Acetate, propionate, butyrate, and valerate were produced virtually identically in both cultures, except that the levels of the minor products butyrate and valerate in the plasmalogen-poor cultures at 21.5 h, after all lactate had been consumed, were about half those in the plasmalogenrich cultures (Table 2) .
Additional attempts to identify cellular or subcellular characteristics by which plasmalogen-rich and -deficient cells might be distinguished were not conclusive. There was no difference in the range of carbohydrates fermented by both cell types. Levels of soluble NADH oxidase and membrane-bound ATPase were comparable in both cell types. The Km and the Vmax of the latter enzyme were very similar in the two cell types (data not shown; Kaufman, Ph.D. thesis). No qualitative differences were seen when proteins, either membrane-bound or soluble, derived from both cell types were examined by two-dimensional gel electrophoresis (data not shown; Kaufman, Ph.D. thesis).
Lipid analysis. Cyclopropane, saturated, and unsaturated chains were represented in roughly equal proportions in both the acyl and alk-1-enyl chains of plasmalogen-containing cultures grown in lactate medium (Table 3) . Similar results have been reported previously for plasmalogen-rich cells grown in semidefined media containing glucose (17) . Saturated fatty acids were sharply reduced in cells devoid of plasmalogens (Table 3) ; when such cells were grown in RCM, cyclopropane fatty acids, as well as saturated acids, declined.
The major phospholipids of the plasmalogen-deficient variant and the wild type were phosphatidylethanolamine and phosphatidylserine. No significant differences were measurable in the phospholipid compositions of the two strains, which were similar to those reported previously (17, 29, 30) ; however, the phosphatidylethanolamine-to-phosphatidylserine ratio was slightly higher in the wild-type strain (data not shown). DISCUSSION In conclusion, we have found that the phospholipid plasmalogens of M. elsdenii ATCC 17752 decline virtually completely when the interval between serial subcultures is prolonged. Further, we have observed that plasmalogen-rich and -deficient cells exhibit a number of subtle differences at the subcellular and chemical level. The significance of some of these observations, for example, differences in patterns of septation, is not apparent at present. Other observations, such as changes in patterns of fatty acid synthesis, may provide additional information concerning the biological function(s) of these lipids (see below). Overall, however, the disappearance of plasmalogens does not appear to have dramatic or injurious sequelae. A similar, though less extreme, decrease in plasmalogens has been reported after mutation in animal cells growing in tissue culture (32) .
Together, these findings demonstrate that plasmalogens are not, per se, essential membrane components of cells growing in pure culture. Whether cells growing in their native environment, presumably subject to more severe environmental constraints, can easily relinquish their plasmalogens remains an open question. However, it is difficult to rationalize the retention of genes by an organism over the course of evolution if they are wholly redundant or ineffectual (25) .
The homogeneous nature of the decline of plasmalogens, the reproducibility of the phenomenon, and a long time course are indicative of an adaptive process. The observation that levels of plasmalogens remained high in cells that were passaged essentially continuously suggests that the postulated adaptation is to factors within the spent culture medium. The identity of these factors remains unknown, although the acyl-chain composition data may provide a clue in this regard. Cells devoid of plasmalogens produced higher amounts of unsaturated and cyclopropane fatty acids and markedly less saturated fatty acids when grown in lactate (Table 3) . When grown in RCM, such cells produced unsaturated fatty acids almost exclusively. Sharply increased synthesis of unsaturated fatty acids has been reported in a number of bacteria when they have become adapted to growth in the presence of short-chain alcohols or other solvents (16) . The basis of this response is thought to be an adaptive increase in membrane fluidity to counter the "stiffening" effect of small amphipathic molecules which insert near the hydrocarbon-water interface. In addition, it should be noted that increased synthesis of unsaturated fatty acids has been observed in bacteria in response to down shifts of growth temperature (4) . Indeed, increased synthesis of unsaturated fatty acids has been observed when M. elsdenii was subjected to growth at decreasing temperatures (16) . However, the compensatory changes reported in that study, i.e., decreased cyclopropane chains and relatively constant saturated acyl chains, do not resemble the pattern reported here. Elsewhere we shall present physical evidence which demonstrates that the loss of plasmalogens, accompanied by an increase in unsaturated aliphatic chains in M. elsdenii, leads to less ordered membranes.
Finally, a number of recent studies have proposed that the functional significance of the plasmalogen form of phosphatidylethanolamine within biological membranes may be related to its ability to promote or stabilize nonlamellar phospholipid domains (8, 10, 19 
